2 (1), where H 2 oxado = oxamide dioxime, has been synthesized in water and characterized by elemental and thermal analyses, IR spectroscopy, and single-crystal X-ray diffraction. Complex 1 is composed of two neutral [Cu(C 2 O 4 )(H 2 oxado)(H 2 O)] entities connected by Cu-O bonds between oxalate oxygen atoms and copper(II) ions, thereby producing a centrosymmetric dimer, with the Cu(II) centers exhibiting a strongly distorted octahedral coordination. Neighboring dimers are hydrogen-bonded through O-H· · ·O interactions leading overall to a layer structure. Thermal analyses of complex 1 showed two significant weight losses corresponding to the coordinated water molecules, followed by the decomposition of the network. Variable-temperature (10 -300 K) magnetic susceptibility measurements revealed very weak antiferromagnetic interactions (θ = −0.86 K from Curie-Weiss law behavior) within the dinuclear unit.
Introduction
One of the current challenges in the field of materials science is the design and synthesis of new flexible organic-inorganic materials with interesting properties [1 -3] . In this regard, oxalatocopper(II) complexes have received growing attention over the past few years, owing to their fascinating network topologies and potential applications in molecular-based magnets [4 -6] . Moreover, such complexes could have potential applications as precursors for the synthesis of copper-containing superconducting ceramics [7] .
Recently, mixed-ligand copper(II) complexes of the general formula [CuL(C 2 O 4 )(H 2 O)]·xH 2 O (L = 2,2 -bipyridyl [8] , 1,10-phenanthroline [9] , or di-2-pyridylamine [10] ) have been synthesized and characterized with the aim of gaining a better understanding of the coordination chemistry of copper in different ligand environments. Replacement of a terminal ligand in such complexes with an oxamide dioxime molecule (H 2 oxado) is expected to induce new structural architectures, given the large number of potential hydrogenbond donating groups of this N, N -chelating molecule. This flexible ligand has recently shown excellent features in the construction of hydrogen-bonded lattice networks [11, 12] .
In this paper, we report the synthesis, characterization and crystal structure of an unexpected copper(II) oxalato-oxamide dioxime complex made up of layers of dimers of neutral [Cu(C 2 O 4 )(H 2 oxado)(H 2 O)] units.
Experimental Section

Materials and physical measurements
All reactions were carried out in distilled water as the solvent. Chemicals were used as received. The starting compounds, K 2 [Cu(C 2 O 4 ) 2 (H 2 O) 2 ] and oxamide dioxime (H 2 oxado), were prepared according to the methods of Kirschner [13] and Ephraim [14] , respectively. Elemental analysis (C, H, N) was performed on a Vario EL (Heraeus) CHNS analyzer. The infrared spectrum was recorded on a Perkin-Elmer (System 2000) FT-IR spectrometer with a pressed KBr pellet in the scan range 4000 -400 cm −1 . Thermal analyses (TGA and TDA) were performed with a Mettler Toledo TGA/SDTA 851 thermal analyzer. The powdered sample (ca. 15 mg) was heated from 25 to 600 • C with a rate of 10 • C min −1 in dry nitrogen gas flowing at 60 mL min −1 . The melting points were measured in open capillary tubes using an Electrothermal 9100 apparatus. Magnetic susceptibility data were recorded using a Quantum Design MPMS-5XL SQUID magnetometer as a function of temperature (10 to 300 K). Experimental data were corrected for sample holder (PTFE capsules) and diamagnetic contributions calculated from tabulated values (χ dia (1) = −0.995 × 10 −4 cm 3 mol −1 ).
Synthesis
An aqueous solution (20 
X-Ray crystallography
A blue-greenish crystal with approximate dimensions of 0.16 × 0.15 × 0.02 mm 3 was mounted in random orientation on a glass fiber. Intensity data were collected at T = 100 K on a Gemini kappa-geometry diffractometer with graphite-monochromatized MoK α radiation (λ = 0.71073 Å). The structure was solved by Direct Methods with the program SIR97 [15] and refined by full-matrix leastsquares calculations [16] based on F 2 . All non-hydrogen atoms were refined anisotropically. The positions of hydro- 2.17
gen atoms were added in idealized geometrical positions. Crystal data and structure refinement parameters are given in Table 1 . CCDC 908428 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Results and Discussion
Crystal structure of 1
The synthetic approach was used with the aim of obtaining the mononuclear complex [Cu(C 2 O 4 ) (H 2 oxado)]·xH 2 O according to our previous work [17] . However, the unexpected dinuclear copper(II) complex [Cu(C 2 O 4 )(H 2 oxado)(H 2 O)] 2 was obtained. The propensity to form the dinuclear rather than the simple complex might be related to the lattice energy of the dimers which is apparently much more favorable than that of the monomer. This dinuclear complex is an air-stable blue-greenish solid practically insoluble in ethanol and acetone, and moderately soluble in water.
The molecular structure and crystallographic atom numbering of complex 1 are shown in Fig. 1 . Se- Fig. 1 (color online) . ORTEP plot of complex 1 with displacement ellipsoids drawn at 50 % probability level. H atoms are shown as spheres of arbitrary radius. Symmetry code: (4) and Cu1-N14 = 1.985(4) Å. The axially coordinated water molecules of the dimeric entity are trans to each other according to the centrosymmetry. The distance of the copper atom from the coordinated water oxygen atom O8 is 2.334(3) Å. The coordination sphere around the copper center can be described as a strongly distorted octahedron. There are no unusual bond lengths or bond angles in the oxamide dioxime [11, 12] or oxalate ligands [3, 11, 12] . The projection of the structure onto the ac plane is shown in Fig. 2 . In the crystal, N-H· · ·O hydrogen bonds involving oxalate O atoms (O4, O7) and amino N atoms (N12, N16) of the oxamide dioxime link dimers [Cu(C 2 O 4 )(H 2 oxado)(H 2 O)] 2 into layers parallel to the bc plane. The layers are further hydrogenbonded through the aqua ligand O atom (O8), forming a three-dimensional network. The distances and angles of the hydrogen bonds are listed in Table 3 . These intra-and intermolecular hydrogen bonds holding the [Cu(C 2 O 4 )(H 2 oxado)(H 2 O)] molecules together (Fig. 3, Table 3 ) are responsible for producing a material with low solubility.
The structure of complex 1 has a number of noteworthy aspects. To the best of our knowledge, no ex- (7) 176 (1) a Symmetry transformations used to generate equivalent atoms:
ample of the same type involving both oxalate and α, β -dione dioxime ligands in the ratio 1 : 1 seems to have been reported hitherto. Futhermore, the most closely related systems described previously [18, 19] are salts in essence with a chain-like structure of anionic entities. By contrast, the present compound features solely neutral dimeric species in a layer-like structure resulting from strong hydrogen bonding between neighboring dimers. 
IR spectrum of 1
The IR spectrum of complex 1 exhibits weak absorption bands centered at 3475 -3162 cm −1 attributable to ν N−H and ν O−H vibrations involved in hydrogen bonding [20] . The medium-size bands appearing at 1692, 1639 and 1621 cm −1 are attributed to ν C=O , ν C=N and δ HNH vibrations [21] . The strong band at 1493 cm −1 can be assigned to the symmetric stretching absorption of the carboxylate groups of the oxalato ligand [22] , and the band appearing around 1416 cm −1 to the ν C−N vibrations. Strong to medium well-resolved bands appear at 1370 cm −1 (ν C−O ), at 1254 cm −1 (ν N−O ) and at 891 cm −1 (ν C−C ) [22] .
Thermal analysis of 1
The results of the thermal analyses (TGA and DTA) of complex 1 are depicted in Fig. 4 . The thermogram (Fig. 4 a) exhibits no mass loss up to 120 • C, thus confirming the absence of solvate water in the complex. Between 121 and 160 • C, a first mass loss of 6 % (calcd. 6.3 %) is observed, which reasonably is attributed to the release of the coordinated water molecules. For this step, an endothermic peak with T max = 152.7 • C on the DTA curve (Fig. 4 b) is observed. A second step of 58 % mass loss (calcd. 57.8 %) finally occurs between 243 -246 • C with a corresponding exothermic peak with T max = 244.7 • C, which corresponds to the release of a combined mass summarized as 4N 2 + 4CO 2 + 6H 2 O. 
Magnetic susceptibility measurements of 1
The corrected molar susceptibility, χ corr M , was used to calculate the effective magnetic moment, µ eff , according to Eq. 1:
The effective magnetic moment at room temperature of 1 was measured to be 2. [23] . Furthermore this value is very close to the spin-only value calculated of 2.45 µ B for two uncoupled Cu(II) spin 1/2 centers. The thermal variation of the molar susceptibility of complex 1 is shown in Fig. 5 as the reciprocal susceptibility (χ −1 M ) versus T . This reciprocal susceptibility was fitted to the Curie-Weiss law, yielding a Weiss constant θ = −0.86 K. This small negative Weiss constant suggests very weak antiferromagnetic interactions at low temperatures in the solid state [24] . Geiser et al. have reported on a similar coordination mode of copper with oxalate ligands in the compound pyridinium bis(oxalato)cuprate(II)·oxalic acid that also shows weak antiferromagnetic coupling (θ = −3.6 K) [18] . As mentioned by Geiser et al., the appearance of small antiferromagnetic coupling reflected in the negative Weiss constant cannot readily be explained because any of the conceivable exchange pathways involves orthogonal orbitals that could suggest a slightly ferromagnetic interaction [18] . Therefore, the observed very weak antiferromagnetism in this type of compounds may be associated with dipolar coupling mechanisms, either of an intra-or an interchain type. The synthesis and systematic study of similar compounds and of their magnetic properties at very low magnetic fields and temperatures will be very useful for the understanding of this unusual behavior.
Conclusion
In summary, the compound [Cu(C 2 O 4 )(H 2 oxado) (H 2 O)] 2 , obtained from aqueous solution as bluegreenish crystals, is a novel dimeric layer-like copper(II) complex involving oxalate ions, oxamide dioxime and coordinated water molecules, with extensive hydrogen-bonding interactions stabilizing the 3-dimensional network. Thermal analysis showed that the compound is stable up to ca. 120 • C. Magnetic susceptibility data revealed very weak antiferromagnetic spin exchange interactions within the dinuclear unit. Preliminary observations from our laboratory suggest that the method illustrated for the preparation of this complex may be applied systematically to fabricate a whole range of homologous α, β -dione dioxime compounds. More data on analogous compounds should probably provide insights for a detailed understanding of their magnetic interactions.
